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INTRODUCTION 


Job  classification  systems  have  been  around  for  many  years,  includ- 
ing those  that  have  been  developed  and  used  by  governmental  agencies 
such  as  the  Bureau  of  Census  and  the  United  States  Employment  Service, 
and  those  used  by  private  organizations.  In  very  general  terms,  most 
such  systems  have  been  developed  on  the  basis  of  judgmental  consid- 
erations, and  probably  represent  what  Theologus  (1969)  refers  to  as 
Linnaean  taxonomies.  Such  taxonomies  are  predicated  on  the  classif- 
ication of  individual  entities  of  the  aeneric  type  in  question  in  terms 
of  their  "essence,"  or  "essential  nature."  As  Theologus  points  out, 
however,  such  classification  systems  suffer  from  the  fact  that  they 
depend  upon  subjective  judgments  of  a priori  weights  of  various 
characteristics  of  the  individual  entities  in  formulating  the  class- 
ification system  and  in  allocating  individual  entities  to  specific 
categories. 

In  general,  he  argues  for  a numerical  classification  approach, 
which  has  repeatability  and  objectivity  as  its  cornerstones.  The 
numerical  taxonomists  feel  that  classifications  must  be  established 
on  stable,  objectively  derived  data  bases,  rather  than  on  hypothesized 
relationships.  One  of  the  central  axioms  of  numerical  classifications 
is  that  the  classifications  be  based  on  as  many  characters  of  features 
of  the  entities  to  be  classified  as  possible;  another  axiom  provides 
that  each  such  character  be  given  equal  weight  (to  avoid  injecting 
subjective  bias  into  the  structure). 

Such  an  approach  to  classification  is  essentially  polythetic  in 
nature  (as  contrasted  with  monothetic).  In  monothetic  classification 
the  taxonomists  defines  each  and  every  category  in  terms  of  a unique 
and  usually  small  set  of  attributes  such  that  the  possession  of  these 
is  both  necessary  and  sufficient  for  membership  in  the  group  so  defined. 
In  turn,  polythetic  classi fication  is  based  more  on  the  overall  pattern 
of  the  attributes  which  can  be  associated  with  individual  cases  to  be 
classified.  In  discussing  polythetic  classification,  Sokal  (1974) 
makes  the  point  that  the  "taxa"  (that  is,  the  individual  entities  to 
be  classified)  are  groups  of  individual  items  or  objects  that  share 
a large  proportion  of  their  properties,  but  do  not  necessarily  agree 
on  any  one  property. 

While  job  classification  systems  have  traditionally  been  of  the 
armchair  variety  Thorndike  some  years  ago  (1953)  did  raise  the 
question  "Who  belongs  in  the  family?"  as  related  to  jobs,  essentially 
arguing  for  the  application  of  systematic  procedures  for  answering 
the  question  he  raised.  In  more  recent  years  a combination  of  two 
circumstances  has  brought  about  at  least  a spate  of  activity  in  the 
application  of  systematic  procedures  to  the  classification  of  jobs. 
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One  of  these  e i rcumstences  consisted  o'  Liv-  developn.ent  of  structur‘>d  job 
analysis  procedures,  sudi  as  task  invcMitorios  (this  technique  tiaving  been 
developed  primarily  by  the  Air  Force).  These  techniques  providj  for  the 
atalys's  of  jobs  n terms  of  oa''h  of  a nuMii).^i  of  '‘units"  of  job  activit- 
:is  such  as  tasks.  The  other  c i rcumstanrc  .'consisted  of  the  d,_-ve  1 opinent 
of  methods  of  analysis  which  provide  for  the  oroupino  of  jobs  into 
caeqories  based  on  their  patte>"ns  o^  s imi  I ari  ties  . In  particular,  the 
e\ister  analysis  techniques  have  been  used  for  the  identii  ica'.ioii  of 
,:atejorirs  of  jobs  with  similar  charactcristi cs  (Ward,  1961  and  Ward 
rod  :'r,oi  , 1963).  A biblioqraphy  of  cluste'"  analvses  ris  related  to  jobs 
has  b ‘Oil  prep.;;ed  by  Farrell  (1975). 

The  pi'esent  report  deals  with  tiie  applicaticjn  of  cluster  analysis 
procedures  to  job  data  based  on  the  Position  Analysis  'Questionnaire  (PAQ). 
9e^ore  discussing  the  relevance  of  cluster  analysis  to  tne  research 
program  of  which  this  is  a part,  and  the  procedures  used  in  the  cluster- 
ir.g  aspect  of  the  study,  a brief  description  of  the  PAQ  and  certain  other 
research  relating  to  it  will  be  given. 

th:  position  analysis  questionnaire  (PAQ) 

The  PAQ  is  a structured  job  analysis  questionnaire  that  i'rovides  for 
tne  analysis  o^  jobs  in  tenns  of  each  of  137  job  elements  of  a "wor'ker- 
oriented"  nature.  In  effect,  the  job  elements  provide  for  the  analysis 
of  jobs  in  tei'ms  of  elements  that  characteri /e  basic  human  behaviors,  or 
that  imply  such  behaviors.  Tne  PAQ  is  divided  into  six  divisions  as 
lifted  belcw.  For  each  of  these  divisions  there  is  given  an  example 
of  a PAQ  job  element  that  falls  withi''i  the  division. 

E >■  amples  of  job  elements 

Use  of  written  materials 
Near- vi  Slid  1 di  fferentiation 

Level  of  reasoning  in  problem  solving 
Cociiiq/decodinq 

Use  of  keyboard  devices 
Assembl ing/disassembl ing 

Negotiating 

Job-related  personal  contact 
High  temperature 

Interpersonal  conflict  situations 

S[)ecified  work  pace 
Amount  of  job  structure 

In  the  analysis  of  individual  jobs  with  the  F'AQ  the  analyst  uses  a rat- 
ing Scale  to  rate  the  rele/ance  of  each  job  element  to  the  job.  Various 
rating  scaler,  are  used  with  different  joh  elements,  such  as  extent  of  use, 
importance,  amount  of  time,  and  so  fo'-tli. 


DJ_y [s ion  of  PAQ 

1.  Information  Input 

2.  Mental  Processes 

3.  Work  Output 

W.  Relationships  with  Other 

Persons 

5.  Job  Context 

6.  Other  Job  Craracteristics 
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In  previous  resedrch  with  the  PAQ,  principal  components  analyses 
have  been  carried  out  winch  resulted  in  the  identification  of  what 
are  referred  to  as  job  dimensions.  Scores  on  these  job  dimensions 
have  been  used,  in  turn,  as  the  basis  for  the  estimation  of  the 
aptitude  requirements  of- jobs,  such  aptitude  requirements  being  ex- 
pressed in  terms  of  scores  on  the  nine  tests  of  the  General 
Aptitude  Test  Battery  (GATE)  of  the  United  States  Employment  Service. 
(McCormick,  Jeanneret,  and  Mecham.  1972;  Marquardt  and  McCormick, 

July,  1974?  Mecham,  April  1977). 

BACKGROUND  FOR  PRESENT  STUDY 

The  present  research  program  consists  primarily  of  an  extension  of 
the  previous  research  with  the  PAQ  for  the  estimation  of  aptitude 
requirements  of  jobs,  but  is  concerned  with  the  use  of  test  data  for 
incumbents  based  largely  on  commercially-avai lable  tests,  as  contrasted 
with  the  GATB  tests.  In  this  regard,  two  approaches  to  the  prediction 
of  such  aptitude  requirements  are  to  be  carried  out,  one  of  these 
involving  the  use  of  PAQ  analyses  of  individual  jobs  as  the  basis  for 
prediction,  and  the  other  consisting  of  the  use  of  job  families  as  the 
basis  for  such  predictions.  It  is  in  the  second  regard  that  the  cluster 
analysis  described  in  this  report  is  relevant.  In  particular,  it  is 
planned  that  the  jobs  that  will  be  involved  in  the  study  will  be 
categorized  by  job  families,  and  that  estimated  aptitude  requirements 
for  each  job  family  would  then  be  applied  to  the  individual  jobs 
covered  by  the  study  that  fall  within  each  such  job  family.  It  would 
then  be  possible  to  compare  the  "ef^^ecti veness"  of  estimates  of  the 
aptitude  requirements  of  jobs  as  based  on  these  two  approaches — one  in 
which  the  PAQ  analysis  of  individual  jobs  is  used  as  the  basis  for  such 
estimates,  tne  other  consisting  of  a set  of  aptitude  requirements  derived 
for  the  job  famililies  into  which  the  individual  jobs  fall.  Two  cluster 
analyses  of  jobs  based  on  data  from  the  PAQ  have  been  carried  out 
(De  Nisi  and  McCormick,  September  1974).  One  of  these  involved  the 
hierarchical  grouping  technique  developed  by  Ward  (1961,)  and  the 
other  involved  the  BC — ^TRY  procedure  (Tryon  and  Bailey,  1970).  These 
analyses  were  based  on  job  dimensions  resulting  from  the  principal 
components  analyses  carried  out  by  Marquardt  and  McCormick  (June  1974). 
One  of  the  principal  components  analyses  was  an  "overall"  or  "general" 
analysis,  in  which  168  elements  of  the  PAQ  were  pooled  together.  This 
resulted  in  the  identification  of  14  principal  components  of  an  "overall" 
or  general  nature.  These  dimensions  were  used  in  the  BC — ^TRY  program. 

In  addition,  Marquardt  and  McCormick  carried  out  principal  components 
analyses  of  the  job  elements  within  each  of  the  six  divisions  of  the  PAQ. 
This  resulted  in  30  "divisional"  components.  21  of  these  components 
were  used  in  the  cluster  analysis  based  on  the  hierarchical  grouping 
technique. 

In  very  general  terms,  the  clusters  resulting  from  the  BC — ^TRY 
procedure  were  somewhat  more  homogeneous  than  those  resulting  from 
the  hierarchical  grouping  technique.  This  difference,  of  course,  might 
be  attributable  to  various  factors,  such  as  the  methods  used,  or  the 
nature  of  the  principal  components  used  (that  is,  the  difference  between 
the  "overall"  and  the  "divisional"  dimensions). 
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More  recently,  Mechani  (February  1977)  has  carried  out  a series  of  some- 
what similar  principal  components  analyses  of  a sample  of  2,200  jobs  that 
probably  are  somewhat  more  representative  of  the  jobs  in  the  labor  market 
than  the  previous  principal  components  analyses.  This  study  resulted  in 
the  identification  of  13  "overall"  dimensions,  and  30  "divisional"  dimen- 
sions. A comparison  of  the  dimensions  resulting  from  the  study  by 
Marquardt  and  McCormick  and  that  of  Mecham  revealed  substantial  similarity 
it.  many  of  the  dime.nsions,  although  tnere  were  a few  dimensions  in 
each  set  which  were  somewhat  unique.  In  certain  instances  these  seem  to 
reflect  subdivisions  of  individual  dimensions  from  the  other  study.  How- 
ever, certain  of  the  dimensions  reported  by  Mecham  seem  to  be  somewhat 
more  clear  cut  in  that  there  were  more  job  elements  with  reasonably  high 
loadings  on  those  dimensions. 

METHOD 

The  study  consisted  essentially  of  a duster  analysis  of  a sample 
of  jobs,  the  clustering  being  based  on  the  use  of  job  dimension  scores 
for  the  jobs  in  the  sample. 

Selection  of  Sample  Jobs 

In  selecting  jobs  to  be  included  in  the  cluster  analysis  it  was 
the  intent  to  select  jobs  that  would  be  reasonably  representative  of 
the  proportions  of  jobs  in  various  occupational  categories.  Data 
from  the  Dictionary  of  Occupational  Titles  (DOT)  were  used  as  the  basis  for 
the  selection  of  the  sample.  In  this  regard,  the  DOT  provides  for 
the  categorizing  of  jobs  at  various  levels,  as  follows: 


Level 


No.  of  digi ts 
used  in  codinc 


Exampl e 


Category 


Clerical  and  sales  occupations 


Division 


Stenography,  typing,  filing 
and  related  occupations 


Group 


Secretaries 


Occupations  9 Medical  secretary 

(the  last  three 
digits  are  "suffix"  codes) 


In  the  development  of  the  sampling  base,  it  was  the  intent  to  select 
a sample  that  would  be  reasonably  representative  of  the  proportions  of  job 
classifications  within  "categories"  represented  by  the  1-digit  codes.  How- 
ever, certain  "sub-categories"  wece  recognized  for  this  purpose,  because 
of  differences  in  the  jobs  within  the  categories.  For  example,  clerical 
jobs  were  considered  separately  from  sales  jobs.  These  "sub-categories" 
are  identified  at  the  2-digit  level.  The  categories  and  sub-categories 
are  listed  in  Table  1,  along  with  the  1-digit  or  2-digit  codes  that 
identify  them. 

Within  these  classes  there  were  two  levels  that  could  be  used  as  the 
basis  for  deriving  numbers  and  percents  of  job  classifications,  namely  the 


Data  Used  in  the  Selection  of  Sample  of  Jobs  for  Cluster  Analysis 
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3-dujit  job  groups  aoil  t”o  ..l  ■ ; ations.  Hie  numbers  and  percents 

of  classification')  at  th  -e  two  level  , ere  also  given  in  Table  1. 

Another  step  in  ftio  selection  of  ine  sample  consisted  of  taking  an 
inventory  of  the  job  1 a-.si  f i ca^  ions  fur  wiiich  PAQs  were  available 
in  the  PAQ  data  bank  of  about  Z5.000  i > yj  analyses.  These  Z5,000  PAQ 
analyses  representeJ  abou*  1900  O-diji.  cc<de  classifications.  The 
limbers  and  percents  of  these  in  tern-  o^  the  classification  categories 
at  the  3-Tigit  level  and  at  the  9-digit  level  are  also  shown  in  Table  1. 

In  examining  the  data  in  Table  I a decision  was  made  to  use  the 
percents  of  3-digit  classifications  as  the  basis  for  selecting  the 
sa.mple.  This  decision  was  based  upon  the  following  considerations: 

(1)  the  fact  that  the  percent  o^  9-digit  jobs  within  the  2-digit 
divisions  in  the  DOT  appeared  to  over-represent  certain  of  the  major 
job  categories,  and  (21  it  was  determirad  that  it  would  be  possible 
to  match  the  3-digit  percentages  bettir  than  the  9-digit  percentages, 
given  the  number  and  POT  classi fication  of  the  jobs  for  winch  PAQ 
analyses  were  available. 

A sample  of  746  (out  of  about  1900)  9-digit  jobs  were  selected  so 
as  to  match  as  closely  as  possible  trv  percentages  of  3-digit  groups 
in  each  of  the  2-digit  divisions.  Ine  following  selection  procedure 
was  used: 

(1)  For  each  2-digit  division  t'le  "population"  percentage  within 
that  division  was  multiplied  by  746  tc  determine  the  number  of  9-digit 
classifications  that  would  be  needed  to  represent  the  population 
percentage  in  a sample  of  746. 

(2)  The  list  of  1900  9-digit  jobs  was  then  grouped  according  to 
(a)  the  2-digit  codes,  and  (b)  the  3-digit  codes  within  each  2-digit 
division. 

(3)  For  each  2-digit  division  the  required  number  of  jobs  was 
selected  using  the  fc'l lowing  guidelines: 

(<a)  Select  at  l.’ust  one  job  for  CuCh  3-digit  code  in  the  division. 
For  each  3-digit  code,  the  jobs  selected  were  the  ones  for 
which  there  'vere  the  largest  numbers  of  PAQ  analyses  avail- 
able. It  wa"  thought  this  practice  would  provide,  in  the  long 
run,  a more  r>  presentati ve  samole  of  jobs,  than  a sample 
ccnsisting  ’ ■ ely  of  jobs  for  which  only  single  PAQs  were  in 
the  lata  bar, 

i p a.iditio  ' , j'-,bs  needed  to  br  selected,  they  were  selected 
’'rndomly  1.'.  ^he  remaining  jC.bs  in  the  division. 

if  uh-^u  '’  b~  '.rt.’u  tlu'."  fur  some  cf  the  2-digit  divisions,  the  nuinber 
of  9-digit  jobs  for  wiiich  PAQ  analyses  were  available  was  less  than  the 
number  "required"  for  the  746  job  sample.  In  such  cases,  all  9-digit 
jC'.s  '-/tf'e  selected  for  the  sample.  In  those  divisions  for  which  there 
'.as  a "surplus"  of  9-Higit  jobs  available,  extra  jobs,  over  the  number 
required,  were  selected  so  as  to  build  up  the  total  sample  size  to 


a total  of  746  for  the  cluster  analysis.  Table  1 shows  tiie  number  and 
percent  of  job  classifications  in  Uie  sample  for  the  basic  categories 
and  sub-catego 'i  ,3  given  in  that  i,aole. 

■dob  Dimensions  Used 

As  indicated  earlier,  Mecham's  dimensions  probably  represent  the  most 
adequate  "structure"  of  jobs  as  ba.sed  on  PAQ  data,  it  is  expected  that 
they  will  be  used  operationally  in  the  further  use  of  the  PAQ.  In  view  of 
this,  the  cluster  analysis  was  based  on  these  diinensiuns.  The  resulting 
clusters  were  to  be  used  in  a later  phase  of  the  research  program  for 
making  a comparison  of  the  preu i ctabi 1 i ty  of  aptitude  requirements  from 
individual  PAQ  analyses  as  contrasted  with  those  based  on  job  families 
(i.e.,  clusters). 

This  analysis  was  based  on  tiio  13  "overall"  dimensions,  this  de- 
termination being  made  in  part  on  the  belief  that  certain  of  the  differ- 
ences in  the  homogenity  of  job  families  reported  by  De  Nisi  and 
McCormick  may  have  been  attributable  to  the  types  of  job  dimensions 
used  (i.e.,  the  "overall"  versus  "divisional"  dimensions). 

C_1  uster  Analysis  Procedure 

The  cluster  analysis  was  Carried  out  using  the  hierarchical  grouping 
technique,  with  ne  modification.  That  modification  consisted  of  a 
differential  weigiiting  of  the  job  elements  in  tenns  of  their  statistically- 
derived  contribution  to  the  dimer,  ^ inns . Mecham  ( 1976)  reports  that  in  the 
application  of  this  modification  as  applied  to  job  data  within  individual 
organizations,  the  resulting  clusters  seem  to  be  somewhat  more  definitive 
and  clear-cut  tl;ai.  without  this  differential  weighting  procedure.  In 
cijnnectrn  witn  th  .>  use  of  job  families  for  predicting  aptitude  require- 
men's  of  )'bs,  wu-  possible  problem  is  determining  the  "optimal" 
nunver  o job  fu-iilies  to  use  in  the  prediction.  In  this  regard,  since 
there  no  ref'vant  guideline  ava,lable  tor  determining  the  number 
of  jo'.  fam'lios  to  use,  a decision  v.  s made  to  use  the  job  faiiiilies 
tha  . 0 orgeu  at  :i.ree  stages  of  the  iteration  process  following 
the  hierarchical  aiu--tcring  proceduro.  The  th,‘'ee  stages  selected  were 
those  resuUing  i.i  the  following  three?  sets  of  job  families. 

Set  60  job  fami  1 i es 

Set  P;  40  job  families 

Set  C:  20  job  families 

lor  each  of  the  families  within  each  set  average  job  dimension  scores 
were  derived  for  the  jobs  within  the  family.  In  turn,  the  job  dimension 
scores  were  converted  into  percenr.iles  based  on  the  original  sample  of 
2200  jobs  used  in  the  principal  components  analyses  for  deriving  the  job 
dimens  ions . 


B 


MESULii 

The  profiles  of  the  job  faiiiilios  ix'p  resen  ted  by  the  percentile 
values  of  the  13  dimensions  are  yiven  in  the  Appendix,  in  addition, 
the  mean  job  din'ension  scores  and  tlieir  standard  deviations  are 
given  in  Table  2 in  the  Appendix.  Tabie  3,  also  in  the  Appendix, 
includes  the  mean  for  all  of  the  job  f.aailies  for  each  of  the  three 
sets,  and  for  each  separate  job  family. 

It  should  be  added  that  certain  joo  families  retain  their 
identities  in  two,  or  all  three,  of  the  sots. 

DISCUSSk'l 

Three  sets  of  clusters  were  developed  from  a sample  of  746 
jobs  based  upon  the  job  dimension  scores  of  13  overall  job  dimensions 
derived  from  data  from  the  Position  Analysis  (juestionnai re  (PAQ). 
These  three  sets  were  developed  for  usc  in  a later  study  (McCormick, 
DeNisi,  and  Shaw,  May  1977)  as  the  basis  for  predicting  the  aptitude 
requirements  of  a sample  of  jobs  for  which  validity  an'i/or  normative 
data  on  commercially  available  tests  had  lieen  collected.  In  the 
later  study  a comparison  was  to  be  made  of  the  relative  effectiveness 
of  each  of  the  three  sets  of  dusters  f -r  predicting  such  aptitude 
requi remen ts . 
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APPENDIX 


Figure  1 
Table  2. 

Table  3. 


Profiles  of  Job  Clusters 


Average  Job  Dimension  Scores  on  13 
Overall  Job  Dimensions  for  Jobs  in  Each 
Cluster  in  Each  of  the  Three  Sets  of 
Cl usters . 


Mean  Square  Error  for  Each  Set  of 
Clusters  and  for  Each  Cluster 
Separately  Within  Each  Set 


Figure  1.  Profile  of  Job  ClUii'rr. 


Tlie  profile  for  each  of  tiie  job  clusters  will  ho  given  in  the 
following  fomi; 
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Alonn  tfio  left-hand  sid<.  c-f  the  figure  are  "listed  the  nuiubers 
1-13.  These  numbers  represenr  the  13  overall  job  dimensions 
resulting  fro”  the  principal  coiiponents  analysis  of  2200  jobs. 

For  each  of  the  13  dime  is  iors  re  sign  represents  tiie  oercentile 
value  of  the  jo?  dimension  score  of  tne  jobs  in'  the  cluster.  These 
percentiles  wore  based  ci  a sample  of  2200  jobs. 


The  13  job  dimensions  are  as  follows; 


No. 

Technical  Title 

Operational  Title 

1. 

Decision/comiiiuni  cations/  gene  >"31 

Having  decision,  coimnuni cat  inn 

respensib  i 1 i ties 

and  general  resoonsibi  1 i ties 

2. 

Machine/equipment  operation 

Opera ti ng  machi nes/ equipment 

3. 

Clerical/related  activities 

Performing  clerical/ 
related  activities 

4. 

Technica , /related  activit.es 

Performing  technical/ 
related  activities 

5. 

Service/ related  activities 

Performing  service/ 
related  activities 

6. 

Regular  day  schedule  vs. 

Working  regular  day  vs.  other 

other  work  schedules 

work  schedules 

7. 

Routine/repetitive  work 

Performing  routine/ 

activities 

refietitive  activities 

g. 

Environmental  awareness 

doing  aware  of  worl  environisent 

9. 

General  physical  activities 

Engagiiig  in  physical 
acli vit ies 

12 


! 


Suporvisinq/coordinatiricj 
other  personnel 
Pobl ic/customer/related 
contacts 

'.lorkitiq  in  an  unpleasant/ 

harardous/deiiiandinq  environment 
imui  led 

Also  along  the  left  hand  side  of  the  figure  will  be  given  an  n 

id  vit i fication  code  for  the  cluster-.  The  letter  code  represents  tiie  ' 

se  . tne  cluster  is  in,  and  the  nunber  indicates  the  particular 
cluster  in  the  set. 


1 

i 


10.  Supervising/coordinating  other 

personnel 

11.  Publ ic/customer/related  on  tact 

a.-tivities 

■'  ?.  I Inpleasant/ hazardous/ demand  i ng 

envi ronment 
■d.  Unnamed 
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Table  3 

Mean  Sc|udj\.  Error  for  Each  Set 
of  Clur.Lcrs  and  for  Each 
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